Sequential Observation of Morphogenesis of Cutaneous Nerve Fibers in Fetal Rat Skin: An Immunohistochemical and Electron Microscopic Study  by Inoue, Tadanori & Mihara, Motoyuki
Sequential Observation of Morphogenesis of Cutaneous Nerve
Fibers in Fetal Rat Skin: An Immunohistochemical and Electron
Microscopic Study
Tadanori Inoue and Motoyuki Mihara1
Division of Dermatology, Department of Medicine of Sensory and Motor Organs, Faculty of Medicine, Tottori University, Yonago, Japan
Skin of DA/Slc rat fetuses removed on the fetal days 11 to 20 and on delivery day (21 days post-fertilization) was
used. In the immunohistochemistry, the anti-neuroﬁlament 69 kDa (NF68)-positive ﬁbers appeared in the subep-
idermal dermis on the fetal day 12. The subepidermal and intraepidermal NF68-positive ﬁbers reached to a max-
imum number on the fetal day 14. They disappeared completely on the fetal day 16. After the fetal day 19, a small
number of the subepidermal and intraepidermal NF68-positive ﬁbers were seen again. As for anti-nerve growth
factor (NGF), intermediate cells, spinous cells and granular cells of the epidermis showed strongly positive stain. In
the electron microscopy, there were bundles of immature axons which were packed by abundant microtubules and
neuroﬁlaments during the entire fetal period. On the fetal days 16 and 17, a considerable number of axons showed
severe degenerative changes. From these ﬁndings, the subepidermal and intraepidermal nerve ﬁbers in the fetal rat
skin increased temporarily to a maximum number, and soon after they disappeared completely, followed by another
period of re-appearance until delivery day. Such a dynamic change of the number of the cutaneous nerve ﬁbers was
not synchronous with expression of NGF of the epidermal cells.
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During embryogenesis, component cells of each organ ap-
pear, grow and differentiate, and show dynamic character-
istic structural changes with time course. In the fetal period,
it has been known that mammalian cutaneous nerve fibers,
particularly the intraepidermal nerve fibers increase transit-
orily and then decrease in number before delivery day (Mi-
hara, 1986). But there have been no descriptions in detail so
far as for the changes of the morphological features of the
fetal cutaneous nerve fibers.
Recently, we have confirmed that anti-neurofilament 68
(NF68) kDa antibody is a highly reactive antibody against
nerve fibers of fetal rats. Thus this study was undertaken to
investigate the morphogenesis of the cutaneous nerve fib-
ers in the fetal rats with time course using this antibody.
Herewith, expression of nerve growth factor (NGF) on the
fetal epidermal cells and nerve growth factor receptor
(NGFR) on the developing cutaneous nerve fibers were in-
vestigated in addition to conventional transmission electron
microscopy. We will report here that distribution density of
subepidermal and intraepidermal nerve fibers is quite rap-
idly changed during the fetal period and that such a re-
markable change of the cutaneous nerve fibers has no
relation to expression of NGF on the fetal epidermal cells.
These facts are contradictory to the previous descriptions
for NGF, and therefore this report may suggest that NGF is
not essential for development of the fetal cutaneous nerve
fibers.
Results
Pilot experiment Of the antibodies used in the fetal rat
skin, anti-protein gene product 9.5 (PGP 9.5), anti-neuron
specific enolase (NSE), and anti-NF68 antibodies, anti-NF68
antibody showed the highest reactivity against cutaneous
nerve fibers on the frozen sections. Anti-PGP 9.5 and anti-
NSE antibodies had high positive reaction products only on
thick nerve fibers in the lower dermis on the paraffin-em-
bbeded sections and frozen sections, but had no reactivity
against the subepidermal and intraepidermal nerve fibers.
Particularly, since anti-PGP 9.5 antibody is widely used as a
marker of axon, our obtained results were highly unexpect-
ed. Thus anti-NF68 antibody was selected for this study.
Experiment proper
Histology On the fetal days 11 and 12, the epidermis con-
sisted of one to two layers of the cells, but periderm cells
and basal (germinative) cells of the epidermis could hardly
be identified. Both cells were arranged irregularly. The de-
rmis was highly edematous where a number of undifferen-
tiated mesenchymal cells were distributed randomly, whose
nuclei were spindle-shaped, triangular, or rhomboidal in
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shape. On the fetal day 13 (Fig 1A), the periderm cells and
the basal cells of the epidermis could be already identified
without difficulty, and both cells were flattened in shape.
The basal cells were arranged irregularly. The dermis had
much more cellular elements than those on the fetal day 12.
On the fetal day 14 (Fig 2A), the epidermal and dermal
structures were essentially similar to those on the fetal day
13; however, the dermo-epidermal junction could distinctly
be seen. On the fetal day 15 (Fig 3A), intermediate cells
between the periderm cells and the basal cells of the ep-
idermis appeared first in some parts of the epidermis. The
basal cells of the epidermis still had a short and thick, rec-
tangular nuclei whose long axes were parallel to the skin
surface. On the fetal day 16 (Fig 4A), one to two layers of
the intermediate cells appeared throughout the epidermis.
The basal cells of the epidermis were arranged regularly on
the dermo-epidermal junction, and their nuclei were oval or
round in shape. Buds of hair follicles protruded from the
epidermis toward the dermis. In the subepidermal dermis,
the small-sized, undifferentiated mesenchymal cells were
distributed much densely. On the fetal day 17, spinous, and
granular cells appeared first in some parts of the epidermis,
but in other parts remaining periderm cells were still ob-
served. The basal cells of the epidermis had a round or oval
nucleus whose long axis was vertical to the skin surface. On
the fetal day 18 (Fig 5A), the epidermis consisted distinctly
of three layers, i.e., basal, spinous, and granular cell layers.
The spinous and granular cell layers consisted of one to
three layers of spinous and granular cells, respectively. Pe-
riderm cells were no longer seen throughout the epidermis.
On the fetal day 19, horny and granular cell layers of the
epidermis were completely formed, suggesting that normal
keratinization had begun taking place. On the fetal day 20
(Fig 6A), the horny and granular cell layers of the epidermis
were thickened. The horny cell layer showed compact or
laminated orthokeratosis. The granular cell layer consisted
of several layers of the granular cells. Most of the basal cells
of the epidermis were cuboidal in shape. There were many
developing hair follicles protruding toward the dermis. In the
subepidermal dermis, a moderate number of the spindle-
shaped, undifferentiated mesenchymal cells were distribut-
ed whose long axes were parallel to the skin surface. On the
delivery day, the horny cell layer of the epidermis showed
basket-weave orthokeratosis. In the subepidermal dermis,
fairly edematous change was still seen, and a moderate
number of fibroblasts and small round cells were observed
evenly distributed whose long axes were parallel to the skin
surface.
Immunohistochemistry
NF68 (Table I) Since NF68-positive fibers showed highly
different distribution not only in individual specimens but
also in the location in the same sections, histomorphomet-
rical technique was applied for evaluation of distribution
density of the NF68-positive fibers. Actually, a total number
of the NF68-positive fibers and of epidermal basal cells
were counted on every section of each fetal day observed,
and then the number of the NF68-positive fibers per 1000
basal cells were calculated. The results are shown in Table I.
On the fetal days 11 and 12, NF68-positive fibers were seen
as sharply defined, spotty-distributed, localized large mass-
es, which consisted of granular or thick tadpole-shaped, not
always fibrous, grouped substances, in the possible sub-
papillary dermis. These masses were sparsely distributed
throughout the possible entire dermis. As for the fetal day
12, a small number of the NF68-positive fibers reached the
subepidermal dermis. On the fetal day 13 (Fig 1B), there
were a moderate number of the NF68-positive fibers in the
subepidermal dermis, some of which entered the epidermis.
On the fetal day 14 (Fig 2B), there were a large number of
the NF68-positive fibers in the subepidermal dermis. In
some specimens, the NF68-positive fibers extended along
the dermo-epidermal junction (Fig 2Ba). Many of the NF68-
Figure 1
Thirteenth fetal day Histology and immunohistochemistry. (A) Perid-
erm cells and basal cells of the epidermis can be identified easily, and
both the cells are flattened in shape. The basal cells are arranged ir-
regularly. The dermis is highly edematous where a number of undiffer-
entiated mesenchymal cells are diffusely distributed, whose nuclei were
spindle-shaped, triangular, or rhomboidal in shape. H.E. Scale bar: 50
mm. (B) There is a neurofilament 68 kDa (NF68)-positive fiber in the
subepidermal dermis and it enters the epidermis (arrow). Immunostain
with anti-NF68 antibody. Scale bar: 50 mm. (C) Some of the periderm
cells (arrowhead) and basal cells (arrow) of the epidermis show faintly
positive reaction for nerve growth factor (NGF). No other constituent
cells and tissues in the epidermis and the dermis express NGF-positive
substances. Immunostain with anti-NGF antibody. Scale bar: 50 mm.
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positive fibers were seen in the epidermis (Fig 2Bb); how-
ever, in the possible subpapillary dermis distribution of the
NF68-positive fibers was still localized and spotty. On
the fetal day 15 (Fig 3B), there was a distinct trend that all the
NF68-positive fibers decreased obviously in number. They
were situated, however, at regular space in the possible
subpapillary dermis. On the fetal day 16 (Fig 4B), the NF68-
positive fibers disappeared in the subepidermal dermis and
the epidermis, wheras the number of the NF68-positive fib-
ers increased slightly in the possible subpapillary dermis
compared with that of the 15th fetal day. On the fetal days
17 and 18 (Fig 5B), no NF68-positive fibers were seen in the
subepidermal dermis and the epidermis, but in the possible
subpapillary dermis the NF68-positive fibers had almost the
same mode of the distribution as that of the 16th fetal day.
On the fetal days 19 and 20 (Fig 6B) and on the delivery day,
a small number of the NF68-positive fibers were seen in
the subepidermal dermis and few of them were in the
epidermis.
NGF (Table II) On the fetal days 11, 12, 13 (Fig 1C), and 14
(Fig 2C), some of the periderm cells and basal cells of the
epidermis showed faintly positive reaction for NGF. No other
constituent cells and tissues in the epidermis and the de-
rmis expressed NGF-positive substances. On the fetal days
15 (Fig 3C) and 16 (Fig 4C), intermediate cells of the ep-
idermis showed strongly positive reaction for NGF. On the
fetal day 16, the intermediate cells were seen as an almost
continuous line of the NGF-positive substances in the sup-
rabasal portion of the epidermis. The periderm cells and the
basal cells of the epidermis were immunostained negatively
with NGF. In some portion of the dermis there were grouped
cells, which exhibited moderately positive reaction for NGF.
On the fetal days 17, 18 (Fig 5C), and 19, spinous and
granular cells of the epidermis showed strongly positive re-
Figure 2
Fourteenth fetal day. Histology and
immunohistochemistry. (A, left top) Epi-
dermal and dermal structures are essen-
tially similar to those on the fetal day 13;
however, the dermo-epidermal junction
(arrow) is distinctly seen. H.E. Scale bar:
50 mm. (Ba, right top) A neurofilament 68
kDa (NF68)-positive fiber extends along
the dermo-epidermal junction. Immuno-
stain with anti-NF68 antibody. Scale bar:
50 mm. (Bb, left bottom) Many NF68-pos-
itive fibers are seen in the epidermis.
Immunostain with anti-NF68 antibody.
Scale bar: 50 mm. (C, right bottom) Some
of the periderm cells (arrowhead) and ba-
sal cells (arrow) of the epidermis showed
faintly positive reaction for nerve growth
factor (NGF). Immunostain with anti-NGF
antibody. Scale bar: 50 mm.
Figure3
Fifteenth fetal day. Histology and immunohistochemistry. (A) Interme-
diate cells between the periderm cells and the basal cells of the ep-
idermis appear first in some parts of the epidermis. The basal cells of
the epidermis have a short and thick, rectangular nucleus whose long
axis is parallel to the skin surface. H.E. Scale bar: 50 mm. (B) There is a
distinct trend that all the neurofilament 68 kDa (NF68)-positive fibers
decrease obviously in number; however, they are situated at regular
space in the possible subpapillary dermis. Immunostain with anti-NF68
antibody. Scale bar: 50 mm. (C) Intermediate cells of the epidermis show
strongly positive reaction for nerve growth factor (NGF). Immunostain
with anti-NGF antibody. Scale bar: 50 mm.
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action, but the basal cells of the epidermis were immuno-
stained negatively with NGF. On the fetal days 19 and 20
(Fig 6C) and on the delivery day, the granular and spinous
cells of the epidermis showed strongly positive reaction;
however, not all of the horny cells were immunostained
weakly with NGF and the basal cells of the epidermis were
not immunostained positively. Noticeably, it is the fact that
there are positively and negatively immunostained epider-
mal cells in the same epidermis for NGF, i.e., this means
that expression of NGF in the epidermis depends upon the
grade of differentiation of the epidermal cells.
NGFR The nerve fibers, epidermal cells, and other constit-
uent cells and tissues in the epidermis and the dermis were
not immunostained with all anti-NGFR antibodies used.
Transmission electron microscopy On the fetal days 11, 12,
and 13 (Fig 7A), there were bundles of immature axons in
the circumscribed portions of the dermis. All of them were
completely naked, which were approximately 0.2–0.5 mm in
Figure 4
Sixteenth fetal day. Histology and immunohistochemistry. (A) One to
two layers of the intermediate cells appear throughout the epidermis.
The basal cells of the epidermis are arranged regularly on the dermo-
epidermal junction, and their nuclei are oval or round in shape. In the
subepidermal dermis, the small-sized, undifferentiated mesenchymal
cells are distributed densely. H.E. Scale bar: 50 mm. (B) The neurofil-
ament 68 kDa (NF68)-positive fibers disappear in the subepidermal
dermis and the epidermis, whereas the number of the NF68-positive
fibers increases slightly in the possible subpapillary dermis compared
with that of the 15th fetal day. Immunostain with anti-NF68 antibody.
Scale bar: 50 mm. (C) The intermediate cells are seen as an almost
continuous line of the nerve growth factor (NGF)-positive substances in
the suprabasal portion of the epidermis. The periderm cells and the
basal cells of the epidermis are immunostained negatively with NGF.
Immunostain with anti-NGF antibody. Scale bar: 50 mm.
Figure5
Eighteenth fetal day. Histology and immunohistochemistry. (A) The
epidermis consists distinctly of three layers, i.e., basal, spinous, and
granular cell layers. The spinous and granular cell layers consist of one
to three layers of spinous and granular cells, respectively. No periderm
cells are throughout the epidermis any more. H.E. Scale bar: 50 mm. (B)
No neurofilament 68 kDa (NF68)-positive fibers are seen in the sub-
epidermal dermis and the epidermis, but in the possible subpapillary
dermis the NF68-positive fibers have almost the same mode of the
distribution as that of the 16th fetal day. Immunostain with anti-NF68
antibody. Scale bar: 50 mm. (C) Spinous and granular cells of the
epidermis show strongly positive reaction, but the basal cells of the
epidermis are immunostained negatively with nerve growth factor
(NGF). Immunostain with anti-NGF antibody. Scale bar: 50 mm.
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diameter. Their axoplasm was packed by abundant
microtubules and neurofilaments and these findings were
observed during the entire fetal period (Figs 7 and 8). On the
fetal days 14 (Fig 7B) and 15, some of the naked axons were
grouped together, which were ensheathed incompletely by
probable Schwann cells without basal lamina, in the sub-
epidermal dermis. On the fetal days 16 (Fig 8) and 17, a
considerable number of the grouped axons showed severe
degenerated changes in which scanty axoplasm and cel-
lular debris such as irregular-shaped vacuoles, membra-
nous structures, etc. were seen. On the fetal days 18 and
19, the group of axons that were ensheathed together by
the Schwann cells started to separate into smaller grouped
axons by the extending cytoplasmic processes of the
Schwann cells. On the fetal day 20 and on the delivery day,
Schwann cell–axon complexes were formed and they were
ensheathed together by perineurial cells.
Discussion
Of PGP 9.5, NSE, and NF68, all of which are commonly
used as neuronal markers, in this study only NF68 was
successful in visualization of subepidermal and intraepi-
dermal nerve fibers. Generally speaking, NF belongs to
intermediate filaments and is composed of three major
polypeptides referred to as neurofilament triplet, with ap-
proximately molecular weight of 68, 160, and 200 kDa, re-
spectively (Lazarides, 1982). Of these, NF68 makes up the
core of the filaments, whereas the other higher-molecular
weight polypeptides are peripherally bound to the filaments
(Lazarides, 1982; Geisler et al, 1983). As demonstrated in
electron microscopy of this study, common axons of the
fetal nerves are densely packed by abundant microtubules
and neurofilaments. Therefore NF68 may show very high
immunoreactivity in such nerve fibers, and probably gives
the minutest visualization of the fetal skin axons.
In this study, there were small number of the NF68-pos-
itive fibers in the subepidermal dermis, some of which en-
tered the epidermis until the fetal day 13. On the fetal day
14, many NF68-positive fibers increased abruptly in the
subepidermal dermis and the epidermis. On the fetal day
16, however, they disappeared completely in the epidermis
as well as in the subepidermal dermis and they were con-
fined solely to the possible subpapillary dermis. Thereafter
the essential mode of distribution of the NF68-positive fib-
ers was nearly same, with advancing fetal days, although a
small number of them entered the epidermis after the 19th
fetal day. This means that the subepidermal and intra-
epidermal nerve fibers increase temporarily to a maximum
number in a given period of time in fetal rats, followed by a
rapid decrease in their number. Davies and Lumsden (1984)
have already described similar findings in detail on devel-
opment of mouse trigeminal nerve. According to their de-
scription, a peak of some 44,400 fibers and 42,600 neurons
reached by the embryonic day 13 and fell to 20,800 and
19,000, respectively, by birth (19th day after fertilization). In
addition, this study demonstrated electron microscopically
severe degenerated axons on the fetal days 16 and 17.
These data may indicate that on the delivery day distribution
density of the embryonic cutaneous nerve fibers decrease
to approximately less than half of its density of the peak
time in the fetal period and that such a phenomenon is
associated with loss of ganglion cells. In this study, DA/Slc
rats were used whose delivery day is on the 21st day after
Figure 6
Twentieth fetal day. Histology and immunohistochemistry. (A) The
horny and granular cell layers of the epidermis are thickened. The horny
cell layer shows laminated orthokeratosis. The granular cell layer con-
sists of several layers of the granular cells. Most of the basal cells of the
epidermis are cuboidal in shape. There are many developing hair fol-
licles protruding toward the dermis. In the subepidermal dermis, a
moderate number of the spindle-shaped, undifferentiated me-
senchymal cells are distributed whose long axes are parallel to the
skin surface. H.E. Scale bar: 50 mm. (B) A small number of the neuro-
filament 68 kDa (NF68)-positive fibers (arrowhead) are seen in the sub-
epidermal dermis and few of them (arrow) are in the epidermis.
Immunostain with anti-NF68 antibody. Scale bar: 50 mm. (C) The gran-
ular and spinous cells of the epidermis show strongly positive reaction;
however, not all of the horny cells are immunostained weakly with nerve
growth factor (NGF). The basal cells of the epidermis are not immuno-
stained. Immunostain with anti-NGF antibody. Scale bar: 50 mm.
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fertilization, whereas the delivery day of CQ1 albino mice
used by Davies and Lumsden (1984) is on the 19th day after
fertilization. The peak period of hyperinnervation in the fetal
DA/Slc rat skin, which is about on 14th fetal day, occurs at a
little later period after the mid-period during gestation (10th
fetal day), and the hyperinnervation stage rapidly goes
down and then gradually transitions toward the adult mode
of innervation in the rat skin until the delivery day.
In this study, NGF and NGFR were immunohistochem-
ically investigated in the fetal rat skin, but NGFR showed no
expression on any cells and tissues in the epidermis and the
dermis. Generally speaking, NGF plays a critical role in the
development of sympathetic and some sensory neurons in
vertebrates. There are controversial views either that NGF
may have a chemotactic role in guiding the direction of
growth of axons (Greene and Shooter, 1980) or that the time
Table I. The numbers of NF68-positive ﬁbers/1000 basal cells in fetal rat skins with advancing gestational age to delivery
Fetal and delivery days
11 12 13 14 15 16 17 18 19 20 Delivery day
Epidermis 0 0 16 121 83 0 0 0 5 8 4
Subepidermal dermis 0 19 53 103 68 0 0 0 38 36 26
Possible subpapillary dermis 14 29 39 72 45 69 90 72 82 78 65
NF68, anti-neurofilament 68 kDa antibody.
Table II. Expression of NGF in fetal epidermal cells with advancing gestational age to delivery
Fetal and delivery days
11 12 13 14 15 16 17 18 19 20 Delivery day
Periderm cells (  ) (  ) (  ) (  ) () () (  ) (  ) (  ) (  ) (  )
Basal cells (  ) (  ) (  ) () () () () () () ()
Intermediate cells (  ) (  ) (  ) (  ) (þ þ þ ) (þ þ þ ) (  ) (  ) (  ) (  ) (  )
Spinous cells (  ) (  ) (  ) (  ) (  ) (  ) (þ þ þ ) (þ þ þ ) (þ þ þ ) (þ þ þ ) (þ þ þ )
Granular cells (  ) (  ) (  ) (  ) (  ) (  ) (þ þ þ ) (þ þ þ ) (þ þ þ ) (þ þ þ ) (þ þ þ )
Horny cells (  ) (  ) (  ) (  ) (  ) (  ) (  ) (  ) (  ) (  ) (  )
NGF, nerve growth factor; (þ þ þ ), strong; (  ), faint only in some parts of the epidermis; (), negative; (  ), no corresponding cell.
Figure 7
Electron microscopy. (A, left) Thirteenth fetal day. Axoplasm is packed by abundant microtubules (arrowheads) and neurofilaments (arrows);
 48,000. (B, right) Fourteenth fetal day. There is a bundle of immature, grouped axons (asterisk), which is ensheathed incompletely by a
probable Schwann cell (S), in the subepidermal dermis. Arrowheads indicate basal lamina of the epidermis;  7400.
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course of the influence of NGF is consistent with a role as a
maintenance factor mediating selective survival during the
period of neuronal death but not as an agent directing initial
growth (Davies and Lumsden, 1984). In either event, NGF is
a polypeptide which is a 118 amino acid dimer (Scott et al,
1983; Levi-Montalcini, 1987). Its synthesis occurs in either
the epithelium or mesenchyme of the target field (Davies
et al, 1987). In the skin, NGF is synthesized and secreted by
keratinocytes or basal keratinocytes (Tron et al, 1990; Di
Marco et al, 1991), binds to a receptor of the nerve termi-
nals, and is internalized by receptor-mediated endocytosis
(Schwab et al, 1982; Layer and Shooter, 1983). Then NGF is
transferred from the nerve terminals to the perikaryon by
retrograde axonal transport (Hendry et al, 1974) where it has
a biological influence upon the nerve cells. Moreover, the
concentration of messenger RNA for NGF is higher in the
more densely innervated epithelium during cutaneous de-
velopment of mice (Davies et al, 1987). These descriptions
suggest that there is correlation between expression of NGF
of the epidermis and mode of distribution of the fetal cu-
taneous nerve fibers. Furthermore, it is likely that NGF pre-
vents neuron from apoptosis (Oppenheim et al, 1990;
Deckwerth and Johnson, 1993). In contrast with the de-
scriptions mentioned above, however, expression of NGF in
the periderm cell and basal cells of the epidermis in this
study were negative and/or very weak until the 14th fetal
day, whereas it was very strong in intermediate cells, which
appeared first in the epidermis on the fetal day 15. There-
after NGF was expressed strongly in the intermediate cells
and/or spinous cells and granular cells. Since the NF68-
positive fibers were distributed highest in and just beneath
the epidermis on the fetal day 14 and since they disap-
peared completely on the fetal day 16, there is a discrep-
ancy between the degree of expression of NGF in the
epidermis and distribution density of the NF68-positive fib-
ers. Furthermore, this study could not detect the expression
of NGFR in the cutaneous nerve fibers. In addition, there is a
claim that the developmental regulation of NGF is inde-
pendent of innervation in the skin of chick embryos (Rohrer
et al, 1988). Therefore there may be a possibility that the
mode of cutaneous innervation in the rats’ fetal period has
no relation to NGF expressed in the fetal epidermal cells.
In summary, Fig 9 shows no relationship between the
mode of distribution of fetal cutaneous nerve fibers and the
expression of NGF of the epidermal cells.
Materials and Methods
This study was done in accordance with guidelines for animal ex-
perimentation at the Faculty of Medicine, Tottori University, which
followed the protocols for the case and use of laboratory animals
published from Institute of Laboratory Animals Resources Com-
mission on Life Sciences, National Research Council in 1996.
The DA/Slc rats purchased from Japan SLC (Hamamatsu,
Shizuoka, Japan) were used, whose full-term delivery was on 21st
day after fertilization. Fetal day 0 was defined as the day when
existence of vaginal plug was confirmed.
Pilot experiment Pregnant rats on their 15th and 20th d after fer-
tilization were used because during these fetal days rapid growth
and differentiation of the fetal skin occur. They were euthanized
with intraperitoneal administration of pentobarbiturate (Nembutal)
with a dosage of 40 mg per kg, after which the fetuses were soon
removed. Whole bodies of the fetuses were snap-frozen with liquid
nitrogen in an OCT compound (OCT Tissue-Tek; Finetek Inc., Tor-
rance, California) and stored at 801C until further processing.
Each whole body of the 15-d fetuses was sliced approximately 2
mm thick vertically to the long axis of the body on the mid-portion
of the back, whereas in the 20-d fetuses their back portions were
cut parallel to the skin surface in depth just over the vertebrae
because the whole bodies were difficult to slice due to formation of
hardening vertebrae. Some of the specimens obtained were fixed
in 10% buffered formaldehyde solution and embedded in paraffin.
The frozen specimens were again sectioned 10 mm thick vertically
to the skin surface by a cryostat, whereas the paraffin-embedded
specimens were cut 5 mm thick. All the sections were immuno-
stained with polyclonal rabbit anti-PGP 9.5 antibody (UltraClone,
Rossiters Farnhovs, Wellow, Isle of Wight, UK; dilution 1:100),
monoclonal mouse anti-NSE) antibody (Dako, Kyoto, Japan; 1:500)
and monoclonal mouse anti-NF68 antibody (Oncogene Research
Products, Boston, Massachusetts; dilution 1:100). Then they were
analyzed by the streptavidin–biotin–peroxidase complex method
using Dako Envision System (Dako, Carpinteria, California). The
reaction products were visualized by 3-amino-9-ethylcarbazole. As
negative controls, the primary antibodies were replaced by normal
rabbit or mouse serum, whereas as positive controls, nerve fibers
of adult DA/Slc rat skin were used.
Experiment proper The specimens were obtained from the back
skin of the fetuses on the fetal days 11–20 and of new-born rats on
the delivery day. On each day three rats were euthanized. Three
specimens were obtained from each removed fetus and new-born
Figure 8
Electron microscopy. Sixteenth fetal day. There are degenerated ax-
ons (asterisks), which are neighboring to normal axons (A)  40,000.
Figure 9
Appearance and disappearance of the
cutaneous nerve fibers and expression of
nerve growth factor (NGF) of the epider-
mal cells at different fetal days. There is
no relationship between them.
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rat by cutting, as done in the pilot experiments. They were proc-
essed as follows.
Histology First specimens were fixed in 10% buffered formalde-
hyde solution, embedded in paraffin, and stained with hematoxylin
and eosin stain.
Immunohistochemistry Second specimens were snap-frozen in
liquid nitrogen and were cut 10 mm thick by a cryostat. A part of the
second specimens was fixed in 4% paraformaldehyde solution for
1 h. Then immunostaining was done by the same methods as that
in the pilot experiment. Except for anti-NF68 antibody, polyclonal
rabbit anti-NGF antibody (Chemicon International, Temecula, Cal-
ifornia; dilution 1:2000), monoclonal mouse anti-NGFR antibody
(Chemicon International; dilution 1:200), polyclonal rabbit anti-trk A
antibody (Chemicon International; dilution 1:1000), and polyclonal
rabbit anti-mouse NGFR p75 antibody (Santa Cruz Biotechnology,
Santa Cruz, California; dilution 1:400) were used as primary anti-
bodies. Additionally speaking, of these NGFRs, ligand activation
of trk A and NGFR p75 can lead to opposite actions, in particular
the prevention or activation of programmed cell death (Bibel et al,
1999). In the presence of tkr A, NGFR p75 can enhance neurotro-
phin responsiveness leading to a survival or differentiation signal,
whereas in the absence of trk A, NGFR p75 can generate, in only
specific cell populations, a death signal (Yano et al, 2000). There-
after the specimens were processed using Dako Envision System,
as mentioned above. The negative and positive controls were
evaluated by the same methods as those in the pilot experiment.
Additionally speaking, anti-NGFR antibodies (including anti-tkr A
and anti-NGFR p75 antibodies) used actually in this study were the
same antibodies as those already used in our another work in
which regenerated cutaneous nerve fibers in the granulation tissues
of the skin showed positive reaction (Ishihara et al, 2003).2 Thus
this granulation tissues were used as positive controls for NGFR.
Conventional transmission electron microscopy Third specimens
were cut in small pieces. They were fixed in 2.5% glutaraldehyde
solution and post-fixed in 1% osmic acid solution. After dehydra-
tion in graded series of ethanol, they were embedded in Epon 812.
Thin sections were double-stained with uranyl acetate and lead
citrate. They were observed under a Hitachi H-7100 electron
microscope at 75 kV.
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